Characterization of steady state, single-turnover, and binding kinetics of the TaqI restriction endonuclease.
The TaqI restriction endonuclease recognizes and cleaves the duplex DNA sequence T decreases CGA. Steady state kinetic analysis with a small oligodeoxyribonucleotide substrate showed that the enzyme obeyed Michaelis-Menten kinetics (Km = 53 nM, kcat = 1.3 min-1 at 50 degrees C and Km = 0.5 nM, kcat = 2.9 min-1 at 60 degrees C). At 0 degree C, the enzyme was completely inactive, while at 15 degrees C, turnover produced nicked substrate as the major product in excess of enzyme indicating dissociation between nicking events. Above 37 degrees C, both strands in the duplex were cleaved prior to dissociation. In contrast to the tight, temperature-dependent binding of substrate, binding of the Mg2+ cofactor was weak (Kd = 2.5 mM) and the same at either 50 degrees C or 60 degrees C. Single-turnover experiments using oligonucleotide substrate showed that hydrolysis of duplex DNA occurred via two independent nicking events, each with a first order rate constant (kst) of 5.8 min-1 at 60 degrees C and 3.5 min-1 at 50 degrees C. The pH dependence of Km (pKa = 9) and kst (pKa = 7) suggests Lys/Arg and His, respectively, as possible amino acids influencing these constants. Moreover, although kst increased significantly with pH, kcat did not, indicating that at least two steps can be rate-controlling in the reaction pathway. Binding of protein to canonical DNA in the presence of Mg2+ at 0 degree C or in the absence of Mg2+ at 50 degrees C was weak (Kd = 2.5 microM or 5,000-fold weaker than the optimal measured Km) and equal to the binding of noncanonical DNA as judged by retention on nitrocellulose. Similar results were seen in gel retardation assays. These results suggest that both Mg2+ and high temperature are required to attain the correct protein conformation to form the tight complex seen in the steady state analysis. In the accompanying paper (Zebala, J. A., Choi, J., Trainor, G. L., and Barany, F. (1992) J. Biol. Chem. 267, 8106-8116), we report how these kinetic constants are altered using substrate analogues and propose a model of functional groups involved in TaqI endonuclease recognition.